
A PRELIMINARY STUDY OF TONAL VOLUME1

BY G. J. RICH, A.M.

It is a matter of common observation that high tones
are, in general, small, sharp or pointed, while low tones
are large, massive or voluminous. This fact is generally
admitted by psychologists, though some, like Sully,2 doubt
whether the ear can distinguish 'degree of extensive magni-
tude.' But when we turn to the systematic treatment of
tonal volume, we find marked disagreement. According to
one view, it is merely a matter of association; low tones are
associated to large instruments and to gross movements of
the throat. This is the position of Stumpf3 in his early
writings. Ebbinghaus4 and Wundt,5 while they do not
ascribe the extensiveness of tones to association, still regard
it as only a metaphorical characterization of the sensations,
and not as an attribute. Another view is that volume or
extensity is an attribute of tonal sensations, distinct from
pitch. This is the view held by Titchener,4 StumpF (in his
later works), James,8 and Calkins.9 Dunlap10 admits an
extensive attribute, but identifies it with pitch. Lehmann11
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and Waetzmann1 believe not only that extensity is intrinsic
to tones, but also that it has a physiological equivalent in
the area of the basilar membrane set in vibration by tonal
stimuli.

The work here reported attempts to put the question to
the test of experiment. The means used was the determina-
tion of the differential limen for judgments of volume at
different points of the tonal scale. If volume is an attribute
of tone, we may expect the judgments to be made with com-
parative ease and to be fairly consistent. If, on the other
hand, it is due to association, we may expect large variations
in the judgments. If pitch and volume are separate attributes
we may expect, by the criterion of independent variability,
that they have different limens, and that the course of the
limens will be different. If they are two names of one and
the same attribute, as Dunlap asserts, they will have the
same limen.

Observers, apparatus and Method.—The observers in the
experiment were Mr. H. G. Bishop (B.), assistant in the
department of psychology; Mr. F. L. Dimmick (D.), graduate
student in psychology; and Mr. W. Feller (F.), under-
graduate with no previous experience. B. and D. had had
several years of training in psychological observation and in
music; F. was entirely untrained in observation and was
also unmusical. All of the observers knew in general what
the problem was; they knew, that is, that it bore upon the
determination of difference limens for volume; and B. and D.
knew something of the theories of volume. F. was employed
only in the preliminary part of the work.

The instruments used were four Stern variators and a
piston whistle. They were blown from a compressed-air
system which was kept at a pressure of 10.5 mm. of mercury.
This pressure, which was of course too high for the apparatus,
was reduced by a system of valves. It was practically con-
stant during the experiment. The lowest variator (100-
150 vs.) was blown at a pressure of 1.5 cm. of water (read
while blowing); the next (150-300), at 2.2 cm.; the third

1 E . Waetzmann, 'Folia Neuro-biologica,' VI., 1912, 24 ff.
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(300-600), at 3.3 cm.; the fourth (650-1,200), at 5.7 cm.;
and the whistle at a pressure of 27.9 cm. of water. The
whistle is fitted with micrometer adjustment of pipe-length,
but not of mouth-width; this was, however, kept constant
during the experiment. I t gives tones above 1,000 vs.
The variators were tuned by comparison with standard
tuning forks; they were set accurately within one vibration.
The whistle was calibrated by means of Marbe's Sprach-
melodie-apparat. Both variators and whistle were standard-
ized for 200 C. During the experimental work the room-
temperature never deviated more than 40 from this value;
the maximal temperature-error was therefore 0.8 per cent.

In the final series, the limens were found for standard
tones of n o , 200, 400, 800, and 1,600 vs. by the method of
constant stimuli. Series of seven comparison-stimuli were
used, the differences being for the various standards 3, 5,
8, 15, and 35 respectively. Fifty series were taken with every
standard, twenty-five in each time order. The order of the
comparison-stimuli within the series was determined by
chance; but it, as well as the order of the two time-relations,
was kept the same for all standards. In giving the stimuli,
E was guided by a pendulum beating forty single swings in
the minute. He gave two ' ready ' signals, one swing apart,
and the first tone one swing (1.5 sec.) later. The second
tone followed after two swings (3.0 sec). The duration of
each tone was approximately one half-swing of the pendulum.

The observers were instructed to give judgments of the
'size' or 'volume' of the two tones, irrespective of pitch or
intensity. They were to judge the second tone in terms of
the first, as larger (greater), same (equal), or smaller (less).
They were not further instructed as regards a criterion of
volume. They sat with back turned to the apparatus, and
three to four feet distant from it. D. sat just inside a dark-
room, as he reported that he could observe more easily in
the dark.

Fifteen series were taken in an hour's work, five at each
one of three standards. The order in which the various
standards were used was so chosen that the number of series
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for all standards was approximately the same. The effect
of practice was therefore sensibly the same for all five limens.
No introspection was required during the series, but at the
end of every hour's work the observers were asked for total
introspections, and especially concerning their criteria of
judgment.

At the very beginning of the experiment, a few practice-
series were run through. B. and D. were able to judge
volume immediately, and required only a single hour of
practice; F. required some four hours before he could give
consistent judgments. At first, he tended to confuse volume
with intensity.

A preliminary determination was made of the upper limens
at ioo, 200, 400, and 800 vs. Fifty series were taken in
every case; but the precautions regarding standardization of
apparatus, etc., taken for the later work were not here ob-
served. The results are given only for comparison. They
are especially subject to errors due to unequal practice.
Two sets of introspective series were also taken during this
preliminary work. In addition, a very rough determination
was made of the pitch limen. This merely served to show
that the observers were not judging pitch; the limens were
everywhere much smaller for pitch than for volume. Other-
wise, the results are too rough to be of value.

TABLE I
PRELIMINARY RESULTS

Standard

IOO
200
400
8OO

Obs. B

D L.

7.711
II.705
18.040
41.163

A

.3130

.2203

.1080

.0730

Rel.
D. L.

.0771

.0585

.0451
•O514

Obs. D

D. L.

6.279
8.012
I2.77O
28.583

h

.2371

.2421

.II56

.0676

Rel.
D. L.

.0628

.0401

.0319

.0356

Ob*. F

D.L.

3-SOI
S76S
9.O84
23.288

h

.2216

.2O27

.1316

.0887

Rel.
D.L.

.0350

.0283

.0227

.0292

The limens for volume were all computed from the raw
data by the <f>(y) hypothesis. Urban's tables were used,
and the numerical work was checked. In working up the
crude results all judgments of 'doubtful' were considered as
equal cases.
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Results.—The numerical results are shown in the accom-
panying tables. Table I. gives the results of the preliminary
series. Under each observer, the first column gives the
computed limen (all upper limens); the second column the
measure of precision, h, for the determination; and the third
column the relative difference limen, obtained by dividing
the difference limen proper by the standard stimulus.

Table II. gives the results of the main experiment. The

TABLE II
UPPER AND LOWER LIMENS AND INTERVALS OF UNCERTAINTY

Stand-
ard

110

200

400

800

i,6oo

6)4oo>

Limen

Lower
Upper
Lower
Upper
Lower
Upper
Lower
Upper
Lower
Upper
Lower
Upper

Obs. B

D. L.

4.500
4.167
8.458
8.964

12.187
14.000
23-551
26.701
64.340
58.640

229.950
272.850

h

.2472
•3530
.4199
.2197
.2171
.2065
.0689
.0928
.0415
•O373
.0065
.OO56

Inter, of
Uncertainty

8.667

17422

26.187

50.252

I22.98O

5O2.8O0

Obs. D

D. L.

8.574
5-498

II.I09
92i8

12.661
14.881
24.799
23742
62.760
54.290

149.010
211.430

A

•1349
.2344
•I635
.1645
.0891
.1300

•0637
.0752
•0274
.0366
.OO59
.0050

Inter, of
Uncertainty

14.072

21.027

27.542

48.541

II7.O5O

36O.44O

upper and lower limens are computed separately, and are
given with their measures of precision. The intervals of
uncertainty are also given.

In Table III. the means of the upper and lower limens

TABLE III
MEAN DIFFERENCE LIMENS

Standard*

no
200
fo
800

1,600
6,4OO«

Ob». B

D. L.

4-333
8.213

13093
25.126
61490

251.400

Re!. D. L.

.0394

.04II

.0327

.0314

.0384
•0393

Ob*. D

D. JL

7-036
IO.513
13-77°
24.270
58.520

180.220

Rel. D. L.

•0637
.0526
•0344
.0304
.0366
.0282

1 These limens were determined after the main work had been completed. They
are thus not comparable (on account of increase of practice) with the other values of
the table. The stimuli were given by an Edelmann-Galton whistle, calibrated by
Kundt's method; the comparison-stimuli differed by 100 vs.

1 See preceding footnote.
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s are given. The relative difference limens calculated from
! these means are also given.
f Turning now to the introspective results, we present
i sample introspections to show the criteria used by the different
* observers, and the changes which these criteria underwent.

At the beginning of the work, B.'s main reliance was upon
f imitative kinaesthesis. On the second day he says: "My
x criterion of difference is largely kinsesthesis. I do not judge
I much by vision. Difference is in mouth kinsesthesis; volume
[ equal if I can sing the two tones without modifying mouth
k kinsesthesis. Also body kinsesthesis. Sometimes small tones

seem as if body were contracted, pulled up tight. When
there is less of this, it is a larger tone." A little later, in an
introspective series: "The first tone was localized in tongue
and mouth, with merest trace of kinsesthesis in throat. It
was spread vaguely throughout the mouth and not localized
certainly. The second tone was felt as localized in all of the
chest muscles. The whole chest felt big and roomy." Still
later: " I do not think criterion is uniform. I do not always
judge by the same standard, but I do judge the same thing.
. . . When I am not able to avoid pitch, it too is judged in
kinsesthetic terms; so that the whole thing really becomes a
judgment of kinaesthesis against kinsesthesis. . . . I am not
sure that all judgments are of the kinsesthetic sort. Many
of them are more vague, so vague that I don't know much
about them. These are the ones, apparently, that are used
when there is no trouble to distinguish between pitch and
volume." Here he begins to drop secondary criteria. He
never gets completely rid of them, and descriptions of local-
ization in mouth, throat, etc., run all through his reports.
But he is of a predominantly kinsesthetic type, and judges
pitch in the same way. This is shown in the last report
quoted, and again a little later: " I don't know whether the
difference is inherent in the sounds themselves or not. I
know perfectly well what volume is, and it is immediate with
the tone. I can't hear a tone without having a setting for it.
I have this for both pitch and volume." In the last intro-
spective series, just before the last quantitative work, he
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finds a number of cases where the judgment comes immedi-
ately, without secondary criteria, though the kinsesthetic
judgments are still the most frequent. In the final series,
he begins to talk of kinaesthetic set. "The criterion most of
the time is a particular kinaesthetic set. I am not sure
whether it is there all of the time. I don't think I ever judge
volume without having some kinaesthesis; the amount of it
varies. Sometimes I seem to take the thing almost visually
in terms of eye-rotation. I think this kinaesthesis is only
image, though I am not sure." "By repeated practice the
kinaesthesis I had isn't so elaborate. A little tag of it seems
to carry the judgment. Sometimes I judge automatically."

D. relies less upon secondary criteria. At first he says:
" I try to judge by the bigness of the thing, the roominess.
. . . The larger tones seem to have a greater diffuseness.
It seems as if the smaller ones fill space more compactly,
what they fill." Visual imagery comes in very often. In an
introspective series he says: " I visualized the last one as
larger. . . . I think of them as bands of grays, both about
the same width, the smaller one shorter than the other. . . .
There is also a kinsesthetic component. I seem to repeat the
sounds over again in my throat. . . . Also, I have a tendency
to want to spread out my hands to demonstrate the size of
the larger." Later on the secondary criteria tend to drop
out, and the judgment becomes more direct. "There is a
difference in size there. It is awfully hard to describe. I do
not think it is a meaning applied to the thing. It isn't any-
thing you read into the tone. I mean by that, that I don't
get this idea of size from anything else, any imagery, any
muscular movement. The size of the tone seems to be a
part of the tone itself, just as much as the pitch is. I don't
think I am judging pitch. I am not sure what my criteria
are. In fact, I feel that I am judging a quality of the tone
itself. I hear the difference in volume, just as I hear the
difference in pitch." Again: " I think this is an actual
difference in size. That is the thing that strikes me most
definitely. . It is actually larger. It is a different kind of
size from visual size. . . . Space is so visual to me that,
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when I open my eyes, it seems a sort of folly to me; but when
I close my eyes I feel the massiveness of the tones." Towards
the end of the work, D. tends to report almost entirely in
terms of attribute. " I was judging independently of pitch,
although I can't help but notice the pitch. I think of the
tone in this analytic way when I am trying to get at the
volume." "The volume seems to be something different
from the pitch. The large tones are roomier, bigger."
Towards the end: "If I were to analyze the tone I should
give it the three qualities of pitch, vowel, and volume. The
volume is the hardest to judge, but I think I am doing it
without at all mixing it with the other two. The difference
between the volume of two tones is not the same, qualita-
tively, as between the pitch; that is, tones that are alike in
pitch are practically identical, but, for volume, they seem
to fall into groups, within which there is considerable vari-
ation in pitch and some in vowel quality. In judging, I try
to group them in proper groups. I do have some kinaesthesis
of the throat, but I cannot say that it plays any part in the
judgment."

F. talks more of the meaning of volume than of his actual
criteria. At first he says: "The biggest tones seem to fill
me up more, to come from a bigger vessel." "Difference of
volume is bigness of sound. It seems to take up more space,
to fill me up more. It is an effect similar to an odor in filling
the lungs." "Volume is the bigness of the vessel the tone
comes out of; the way I hear it, whether it seems to go through
me, to have a filling effect; the capacity of the sound."
Later: " I am so used to some of the sounds now that they
don't appeal to me as they used, in respect to volume. They
don't have the filling effect on me that they had. Now I use
as criterion the size of the vessel emitting the sound, and I
seem to imagine the sound visually, as spread out behind
me." " I noticed on several occasions that the volume of
the sound appeared to be distinct from the pitch. I noticed
both, but I could imagine the pitch as being emitted by the
instrument, and the volume appearing like an enveloping
atmosphere or medium. While the pitches were different,
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the mantle of sound around them seemed to be of the same
bigness. In most cases I can't seem to help noticing the
pitch. I try not to use it as a criterion for volume judg-
ments, but cannot say whether I do or not."

Our observers are evidently not judging pitch. For
one thing, they are able to distinguish introspectively be-
tween pitch and volume. Moreover, the limen for pitch
is in every case much lower than that for volume. F. admits,
it is true, that he sometimes uses pitch as a guide for judg-
ments of volume; and his volume-limen is, in fact, lower than
that of the other observers. But even so he is judging some-
thing more than pitch. For the other observers there is no
doubt.

We may next inquire whether the observers were giving
judgments of an attribute of the tone itself, or of something
associated to the tone. D. is positive that volume is as much
a part of the tone as is pitch. What secondary criteria he
had came in only incidentally, and were not essential to the
judgment. B. has more secondary criteria; and it might be
thought that he is judging in terms of associated kinaesthetic
images. But then he judges pitch in these same terms, and
pitch is undeniably an attribute. Besides, with practice his
judgments of volume become more automatic. F.'s reports
are almost wholly in terms of meaning; and it is difficult to
say what, psychologically, he was observing. He observed,
as we have said, only for a short time.

The numerical results show a high degree of consistency.
In the preliminary work, B. had everywhere the highest
limen, D. the next highest, and F. the lowest. In the main
series, D.'s limens are practically unchanged, though they
are slightly higher than before in three cases. But B.'s
values are much lower than in the preliminary series, and
come very close to those of D. The change is evidently due
to practice. The discrepancy between the final figures for
B. and D. at n o and 200 is probably due to imperfection of
the apparatus; D. found these low tones weak, noisy, and
hard to judge. In particular, D.'s lower limen at 110, which
is entirely disproportionate to the upper limen, must probably
be referred to this imperfection of the apparatus.
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The value of the relative difference limen is fairly constant
for the whole range. In the results for B. and F., it is as
nearly constant as the ordinary limen for intensity under
Weber's law. The figures for D. show the same trend, save
where the results are vitiated by the observer's difficulty
with the lower variators. This course is entirely different
from that of the limen of pitch.1 If, then, we accept inde-
pendent variability as the criterion of an attribute, we have a
strong case, so far as the present work goes, for the differ-
entiation of pitch and tonal extensity.

Conclusions.—(i) Judgments of tonal volume can be
made with ease, and with as great consistency as is usual for
attributive judgments.

(2) The judgments may be made on an attributive basis.
After secondary criteria have been eliminated, by practice,
they are as immediate as judgments of pitch.

(3) Within the limits of our experiment, the relative dif-
ference limen of tonal volume is approximately constant.

(4) This limen is different from that of pitch, both in
magnitude and in course.

•See collected results in Titchener, 'Experimental Psychology,1 Vol. 2, Part 2,
237 t.


